Aim: To investigate the effectiveness of self-directed arm interventions in adult stroke survivors. Methods: A systematic review of Medline, EMBASE, CINAHL, SCOPUS and IEEE Xplore up to February 2018 was carried out. Studies of stroke arm interventions were included where more than 50% of the time spent in therapy was initiated and carried out by the participant. Quality of the evidence was assessed using the Cochrane risk of bias tool. Results: A total of 40 studies (n = 1172 participants) were included (19 randomized controlled trials (RCTs) and 21 before-after studies). Studies were grouped according to no technology or the main additional technology used (no technology n = 5; interactive gaming n = 6; electrical stimulation n = 11; constraint-induced movement therapy n = 6; robotic and dynamic orthotic devices n = 8; mirror therapy n = 1; telerehabilitation n = 2; wearable devices n = 1). A beneficial effect on arm function was found for selfdirected interventions using constraint-induced movement therapy (n = 105; standardized mean difference (SMD) 0.39, 95% confidence interval (CI) −0.00 to 0.78) and electrical stimulation (n = 94; SMD 0.50, 95% CI 0.08-0.91). Constraint-induced movement therapy and therapy programmes without technology improved independence in activities of daily living. Sensitivity analysis demonstrated arm function benefit for patients >12 months poststroke (n = 145; SMD 0.52, 95% CI 0.21-0.82) but not at 0-3, 3-6 or 6-12 months. Conclusion: Self-directed interventions can enhance arm recovery after stroke but the effect varies according to the approach used and timing. There were benefits identified from self-directed delivery of constraint-induced movement therapy, electrical stimulation and therapy programmes that increase practice without using additional technology.
Introduction
There is evidence that optimizing recovery of arm function after stroke requires a high level of intensive rehabilitation [1] [2] [3] which can be challenging for healthcare providers. 4, 5 One way to increase therapeutic activity without placing an extra demand on resources is via programmes where patients independently perform recovery activities away from a clinical setting. The structure and format of these programmes can vary with some following a set of structured exercises or functional activities, while others simply promote and facilitate opportunities to enhance use of the stroke arm in normal routines beyond 'usual care'. In addition, an increasing variety of technologies is being developed and evaluated to promote recovery activities without increasing demands on therapists' time. 6 The term 'self-directed interventions' can be used to encompass all of these modalities for activity promotion. While the value of specific arm interventions has already been described, 3 the evidence relating to the delivery of self-directed arm rehabilitation across therapeutic modalities has not previously been summarized and could provide important insights about using this approach to enhance delivery. Due to the implications for patient selection, user acceptability, staff training and resources, it is also of particular interest whether differences exist in the feasibility and effect of arm rehabilitation according to the type of technology being delivered under self-direction.
The aim of this review was to first identify and describe the content of interventions for rehabilitation of the arm after stroke which have taken a predominantly self-directed approach (with or without the involvement of technology) and second to report their effectiveness for improving arm function and/or increasing use of the stroke arm in daily activities when sufficient trial data were available.
Methods
The review was conducted according to guidelines set out by the Cochrane collaboration. 7 The protocol was published on the PROSPERO International prospective register of systematic reviews website (reference number: 38619). 8 Electronic searches of Medline, EMBASE, CINAHL, SCOPUS and IEEE Xplore were carried out from the time of origin to February 2018. The search strategy used a combination of selected MeSH terms with keywords for Medline, which was then altered appropriately for other databases 8 (Supplementary Appendix 1). A search of the Cochrane database of systematic reviews was also conducted and the reference lists of relevant reviews screened manually for additional studies.
We included studies of self-directed arm interventions for participants over the age of 18 with any stroke-related arm deficit regardless of time since onset. Populations with mixed impairment aetiology were included if at least 50% of participants had experienced a stroke. An intervention was classified as self-directed if more than 50% of the overall intended duration of therapy practice, was independently initiated and carried out by the participant outside of direct contact sessions in accordance with a predefined study protocol.
When identified studies described that direct clinical or research supervision was required for some aspect of the intervention (e.g. application of electrical stimulation electrodes, or review of functional activity goals), the methods and results were carefully scrutinized to be sure that overall there was a dominant self-directed component. If the self-directed therapy formed part of another programme (e.g. the transfer package of constraintinduced movement therapy), then the self-directed component of the programme needed to be clearly described or evidence provided that participants had recorded details of their independent practice.
In order to describe the full range of selfdirected interventions, any study design was accepted providing that it reported an arm function outcome for two or more participants.
The primary review author (R.H.D-S.) initially screened the titles of all records and removed duplicates. The titles and abstracts of the remaining papers were independently assessed by two review authors (R.H.D-S. and C.I.P.) to identify studies meeting inclusion criteria. The full text of all potentially relevant papers was retrieved and final studies selected. Discrepancies were resolved through discussion and involvement of a third author (S.A.M.).
A data extraction form was designed to meet the criteria of the review and tested on the first five studies. Data were extracted by the primary author (R.H.D-S.) including study design, sample size, intervention content, amount of therapy practice, amount of therapist time, main outcomes and adherence to protocol. Any equivocal data were discussed and resolved between all authors. Interventions were grouped according to no technology or the type of technology described. Where an intervention involved more than one form of technology, a joint author decision was made regarding the primary technology being tested. Devices were still included if they had not been specifically designed with a rehabilitation purpose provided they followed a protocol intended to help people to recover arm movement. Where data were missing or incomplete, authors were contacted.
To report effectiveness, meta-analysis was carried out with data from those studies where participants had been randomized and clinical outcomes of arm function and/or independent use in daily activities were reported. For studies with a crossover design, only the first phase data (prior to cross-over) were included in the meta-analysis to avoid any possibility of data contamination through carryover or learning effects.
Treatment effect sizes were calculated using Revman 5 software 9 based on mean scores and standard deviations from the randomized studies. Where the standard error or confidence interval was reported, the standard deviation was calculated using formulas provided in the Cochrane handbook's guidelines. 7 As studies were small in size, mean change from baseline was used where available to allow for a more accurate comparison between control and intervention. 7 Due to the wide range of interventions being studied, we anticipated that a variety of outcome measures would be reported. For this reason, metaanalysis was carried out within each technology sub-group in an attempt to reduce heterogeneity. When the same outcome measure was used by all studies within a sub-group, the mean difference was calculated, otherwise outcomes were pooled using the standardized mean difference (SMD). Most outcome measures rated improvement by an increase in score; however, where a reduced outcome score indicated improvement (i.e. a decrease in time taken to complete a task), the scale direction was aligned with others by multiplying the mean score by −1. 7 Each of the randomized studies underwent an assessment of risk of bias using the Cochrane Risk of Bias Tool. 7 There were two preplanned sensitivity analyses. One was to look at the influence of time poststroke and the second was to consider if there was a benefit shown for more time spent practicing. The amount of time poststroke was categorized as less than three months, three to six months, 6-12 months and >12 months based on the mean time poststroke reported by original authors. The amount of time spent in self-directed versus supervised therapy practice was calculated according to each study's protocol (see Supplementary Table 1) . If the precise amount was unclear, a minimum estimated amount of time was calculated as follows: where a range was given (e.g. 1-3 hours per day), the lower value was used; where amount of time was described as a number of sessions, each session was estimated at 30 minutes unless otherwise stated; a telephone contact was allocated 15 minutes per contact. Any preintervention training was excluded from the amount of practice, that is, only the amount provided within the actual therapy programme was included.
Results
The PRISMA diagram 10 in Figure 1 summarizes the results of the literature search. The searches identified 1380 records, of which 128 were removed as duplicates. In all, 1252 records were screened by primary author (R.H.D-S.) and the full texts of 106 articles subsequently retrieved for fulltext assessment. In all, 66 of these records were excluded leaving a total of 40 studies (1172 participants) for inclusion. Supplementary Table 1 provides an overview of the studies interventions including 19 randomized controlled/cross-over trials 11-29 and 21 before and after studies. The amount of time spent in therapy practice across all interventions ranged from 7 to 366 hours 36, 40 over a period that ranged from two weeks 21, [36] [37] [38] 42 to five months. It was not possible to calculate the amount of practice time for one study 49 as the amount of activity was described as a summary value of accelerometer data (i.e. signal vector magnitude) rather than time.
Most interventions included additional technology with only five studies that did not. 12, 17, 35, 38, 45 All interventions in the 'no technology' group (Supplementary Table 1 ) involved some form of repetitive functional task practice ranging from simple reaching and grasp of everyday objects to more complex functional tasks. Typically these approaches relied on low-cost equipment most of which could be easily sourced at home. Only two studies included participants who were still inpatients although both these interventions would also be suitable for home-based use. Two studies used participant-identified goals to assist in the choice of tasks to practice. 12, 26 Adherence to programmes was high with the total amount of therapy practice ranging from 26 to 56 hours, of which 67% to 93% was self-directed across a time period ranging between 2 and 10 weeks.
Studies that used technology fell into seven groups according to the type used (Supplementary Table 1 ). There was some overlap within these groups as several studies employed more than one mode of technology in order to deliver their intervention, for example, computer games often supported use of the stroke arm during sessions with robotic devices. 27, 29, 40, 42, 43, [46] [47] [48] Telerehabilitation was used alongside interventions such as constraint-induced movement therapy 29, 34, 40, 42 as a Figure 1 . PRISMA diagram of the process used to identify studies. 10 method of delivering or monitoring the intervention without the need for face-to-face therapist contact. 27, 36 The wearable device monitored the amount of use of the stroke hand and provided feedback to the wearer to encourage them to use it more within a functional task practice programme 49 without additional technology.
The most frequently studied intervention was electrical stimulation which also recorded the highest consistent amounts of practice ranging from 20 hours across a 4-week programme 44 to 106 hours over five months. 16 Participants in the electrical stimulation group were all more than six months poststroke at the time of enrolment and demonstrated regular self-directed use of the intervention over long periods of time. Participants adhered well to the electrical stimulation treatment plans consisting of both surface electrodes [14] [15] [16] 18, 24, 30, 31, 41, 44 and implanted percutaneous electrodes 32, 45 and triggered by timed and cyclic stimulation, 11, 14, 24, 30 electromyography (EMG), 15, 16, 18, 41 or closed-loop systems. 24, 32, 45 Interventions using constraint-induced movement therapy also demonstrated that participants were able to adhere to a large amount of unsupervised therapy practice ranging from 10 hours across two weeks 21 to 350 hours over a 10-week period. 40 Participants in this group were all more than two months poststroke.
Adherence to the programme was generally poor in the interactive gaming interventions. High attrition was recorded in the intervention versus the control group for one study, 22 while another study indicated that fewer sessions of longer duration may be preferable to daily sessions. 33 When interactive gaming was used to support robotic and orthotic device interventions, participants also reported less than the prescribed amount of therapy practice, 20,39,43 which was not noted for studies in the same intervention category that included conventional task practice. 23, 27, 28 Participants reported that the games 'lacked complexity' 43 and that 'more attention towards motivational strategies is needed'. 29 Interactive gaming using the Nintendo Wii was an exception. 11, 37 Two studies found that the intervention was well tolerated and beneficial for arm recovery, although one reported equivalent improvement through practice of selected activities from the Graded Repetitive Arm Supplementary Programme, 17 which was more cost-effective. 11
Results of meta-analysis

Effects of self-directed interventions on arm function/impairment
A total of 16 randomized studies were included in the analyses. [11] [12] [13] [14] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Two studies were excluded due to insufficient methodological rigour or poor reporting quality 15, 16 and a third did not report on clinical outcomes. 29 None of the studies made a direct comparison between an intervention that was self-directed with the same intervention delivered under supervision of a therapist and all except three studies used a dose-matched control intervention.
Due to heterogeneity between the types of interventions and the range of outcome assessments employed, an overall treatment effect for selfdirected interventions on arm function was not considered meaningful. Instead, as described below, data were analysed within each sub-group (Figure 2) . Note that the study in the wearable devices group did not meet the criteria for inclusion in the meta-analysis.
Three studies 12, 17, 26 in the no technology group were included in the analysis, all of which measured arm function using the Action Research Arm Test (ARAT). For the two pilot randomized controlled trials, 12,26 the change in scores before and after the intervention was used in the analysis, while the end scores were used for the randomized controlled trial. 17 Analysis narrowly failed to show a statistically significant benefit of the intervention on arm function (n = 169; mean difference (MD) 1.96, 95% confidence interval (CI) −0.99 to 4.92).
Within the interactive gaming group, two studies were considered suitable for analysis. 11, 22 The impact of self-directed interactive gaming programmes did not indicate a benefit for arm function (n = 231; SMD 0.11, 95% CI −0.37 to 0.15).
Data were available for three studies 14,18,24 using electrical stimulation. All used surface electrodes and compared the intervention with a sham device. A mixture of outcome measures were used (FuglMeyer: end score, 24 Jebsen Taylor test: change score 14 and Box and Blocks: end score 18 ) necessitating the use of a SMD. There was a statistically significant effect on arm function favouring the self-directed electrical stimulation intervention group (n = 94; SMD 0.50, 95% CI 0.08-0.91).
Three of the studies in the constraint-induced movement therapy group were suitable for metaanalysis. 13, 21, 25 Two of these measured changes in arm function used the Wolf Motor Function Test (one using change scores 21 and the other end score data 25 ), and the remaining study used the ARAT. 13 The impact of self-directed constraint-induced movement therapy on arm function indicated a statistically significant effect in favour of the intervention group (n = 105; SMD 0.39, 95% CI −0.00 to 0.78).
Four studies 20, 23, 27, 28 were included in the robotic and orthotic devices group analysis. ARAT change data scores were used from two of the studies 20, 27 and Fugl-Meyer change data scores for the other two. The impact of these programmes did not indicate a statistically significant benefit of the intervention on either arm function (n = 171; SMD −0.04, 95% CI −0.35 to 0.27). Only one telerehabilitation study met the criteria for meta-analysis; 27 however, as telerehabilitation was not the intervention being tested but rather a means of delivering the therapy remotely, this study has been included in the robotic devices' subgroup of the analysis.
Effects of interventions on independence and self-care activities
The impact of self-directed interventions on arm use in daily activities was measured by 11 studies. In all, 10 used the Motor Activity Log 13, 17, 18, [20] [21] [22] [24] [25] [26] 28 to obtain the participants' perceived use of their stroke arm in 30 daily activities and 1 provided a postintervention score of the Nottingham Extended Activities of Daily Living scale. 12 A pooled meta-analysis was carried out on studies reporting the motor activity log 'amount of use' 13, 17, 18, [20] [21] [22] [24] [25] [26] (Figure 3 ) and 'quality of use' 13, 17, 18, [20] [21] [22] [24] [25] [26] 28 (Figure 4 ) scores. A statistically significant effect favouring the intervention group was demonstrated for both groups of scores: the amount of use (n = 348; MD 0.47, 95% CI 0.27-0.67) and the quality of use of the arm (n = 364 participants: MD 0.29, 95% CI 0.12-0.46). Analysis within the technology subgroups is described below.
Within the no technology group, two studies 17,26 with 148 participants measured participation in daily activities using the motor activity log. Analysis demonstrated a statistically significant benefit of the intervention on amount of arm use (n = 148; MD 0.60, 95% CI 0.07-1.13; P = 0.03) and on the quality of arm movement (n = 148; MD 0.52, 95% CI 0.03-1.00; P = 0.04).
No benefit was found for the only included study 22 in the interactive gaming group (n = 22; MD −0.13, 95% CI −1.15 to 0.8). However, the same study did show a benefit for the participants, perceived quality of use of the stroke arm (n = 22; MD 1.25, 95% CI 0.27-2.23).
Two studies 18, 24 reported on the benefits of electrical stimulation on independence in daily activities; however, this was not statistically significant: perceived amount of arm use (n = 54; MD 0.20, 95% CI −0.38 to 0.78) and perceived quality of arm use (n = 54; MD 0.21, 95% CI −0.37 to 0.79).
Data from three 13, 21, 25 pooled studies showed a statistically significant benefit of constraint-induced movement therapy on participants' ability to carry out daily activities: perceived amount of arm movement (n = 105; MD 0.85, 95% CI 0.56-1.1; P ≤ 0.00001) and perceived quality of arm movement (n = 105; MD 0.75, 95% CI 0.46-1.03, P ≤ 0.00001).
Only one study in the robotic and orthotic devices group measured the amount of use of the stroke arm 20 with no benefit found (n = 19; MD −0.10, 95% CI −0.49 to 0.29). Two studies 20, 28 measured the effect of robotic devices on the quality of use of arm, but again no benefit was found (n = 35; MD −0.25, 95% CI −0.51 to 0.02).
Effect of interventions according to time since stroke onset
All 16 studies were pooled by SMD to examine the influence of time since stroke onset ( Figure 5 ). No benefit was found at less than three months; three to six months or 6-12 months poststroke. A statistically significant benefit on arm function was found for patients more than 12 months poststroke (n = 145; SMD 0.61, 95% CI 0.27-0.94). The studies included in the post 12 months category included electrical stimulation (n = 2; participants = 56), 14, 18 robotic devices (n = 2; participants = 53) 23, 28 and mirror therapy (n = 1; participants = 36). 19 
Effect of dose of interventions based on the amount of time spent in self-directed therapy
When all studies were pooled, there was no doseresponse relationship found between the amount of time spent in self-directed practice and recovery ( Figure 6 ). Further sensitivity analysis was carried out using only data from the electrical stimulation and constraint-induced movement therapy groups ( Figure 7) as these had been shown to benefit arm function/impairment. In this analysis, only those studies that completed less than 20 hours selfdirected therapy practice were found to give a statistically significant benefit relative to controls (n = 97; SMD 0.44, 95% CI 0.04-0.85), although greater amounts of practice also showed a positive trend.
A risk of bias assessment was carried out for all studies that followed a randomized trial design (see Supplementary Figure 2 ). Most studies used an appropriate form of randomization that ran a low risk of biasing the study. Five were assessed as unclear and one study 25 used an alternating numbers approach which runs a high risk of selection bias. Allocation concealment was adequate in 12 studies, [11] [12] [13] [14] 16, 17, [19] [20] [21] [22] 26, 27 while 6 were unclear due to the lack of information and one was considered to be of high risk of bias due to the method of randomization used. 25 Blinding of participants in rehabilitation studies is known to be challenging. We found that it was only attempted in the electrical stimulation studies where a sham device was used for the control group. 14, 18, 24 This appeared to be successful in two studies, 18, 24 while reduced compliance for the control group in a third study 14 may have been due to participants becoming unblinded. Successful blinding of outcome assessments was achieved for 13 studies. [13] [14] [15] [17] [18] [19] 21, [23] [24] [25] [27] [28] [29] Two studies 16, 20 did not attempt to blind outcome assessors and the remaining four studies 11, 12, 22, 26 reported being unsuccessful.
A further four studies were reported as high risk of bias due to high levels of attrition (>30%), 14, 22 unclear reporting of which participants were contributing towards outcome data 16 and under reporting of details for outcomes. 15 
Discussion
The evidence base for self-management programmes in stroke care is continuing to grow and supports added benefits of empowerment and selfefficacy that impact positively on the lives of people after stroke. 51 Specific aspects, however, are still largely under-explored 52 and little is known regarding the delivery of self-directed interventions. While broader self-management programmes focus on developing the skills required to manage various aspects of an overarching condition, 52 the studies in this review focus on being able to independently initiate and carry out discrete interventions for restoring arm function according to a predetermined protocol.
The search strategy was broad and attempted to include all methods of self-direction but may still have been restricted by whether authors had identified their intervention as 'self-directed' and the search terms available. To aid this process, nonrandomized studies were included, but often these studies were small in size, settings were not well described and their poor quality excluded them from our analysis of effects. Overall heterogeneity was substantial in terms of the types of interventions studied, reporting of the amount of self-directed practice and the time poststroke of participants potentially limiting findings.
Of the 38 studies included, some were designed specifically as a self-directed arm intervention, 17, 25, [34] [35] [36] 38, 40, 42 while other studies used self-direction as the most convenient mode of delivery. Although the principle underlying their application was similar (i.e. to encourage additional arm motor activity), the technologies described employed different mechanisms of action. A range of outcome measures were used across the studies making it difficult to make direct comparisons. In the absence of studies comparing supervised and unsupervised delivery of the same intervention, it is difficult therefore to draw any firm conclusions regarding the efficacy of self-direction as a generic approach.
Of the 16 randomized studies, 13 compared the intervention group against a dose-matched control group 11, 13, 14, [18] [19] [20] [21] [22] [23] [24] [25] 27, 28 which resulted in both groups receiving the same increased dose of therapy. All except one 25 of these also followed a self-directed programme. It could perhaps be suggested that both control and intervention groups benefitted from the increased dose, which may explain the small effect sizes between the groups.
There was no clear dose-response found among self-directed programmes, although this is confounded by difficulties in being able to accurately report how much practice was performed. Some interventions had built-in mechanisms for recording the amount of practice. Future technology that can accurately capture upper limb practice will greatly assist researchers as well as provide useful feedback to participants during the delivery of selfdirected interventions.
Overall, there was high compliance across the studies and an ability to follow a self-directed programme suggesting that stroke patients are willing and able to partake in this type of intervention. This may partly reflect the inclusion criteria and selection strategies which identify the most able and enthusiastic volunteers, but the empowering nature of self-direction may also provide a clearer link between what patients are able to do themselves and the possibility of better recovery. High compliance and low attrition seemed to reflect a strong focus on practising tasks that were directly associated with daily activities, for example, through reach and grasp movements.
Interventions using computer games that were not directly related to functional tasks reported more cases of participants leaving studies, not completing the full amount of self-directed practice and difficulties with recruitment. Feedback from participants suggested that the quality of the gaming experience largely influenced their motivation to continue to engage with the intervention and certainly those that used commercially developed software with more engaging gameplay and graphics showed better compliance for achieving the specified amount of therapy practice.
These may be important findings for developing interventions into effective self-directed programmes and for understanding how theories of self-management can support theories of motor recovery. 53 Self-efficacy and motivation have been well-documented as key theoretical principles underpinning successful self-management. 54, 55 Similar virtues of motivating and engaging the player in video games have also been reported on. 56 When designing rehabilitation interventions in general, it is important that the patient remains central to the process throughout. 57 In the absence of a therapist to offer encouragement, it is perhaps even more essential that self-directed interventions have enough relevance and interest to keep the patient motivated and engaged with ongoing practice.
It is generally believed that early intervention will benefit motor recovery and a recent review supported this concept when using interventions employing assistive technology. 58 However, we found that improvements could still occur at a later stage particularly in relation to constraint-induced movement therapy and electrical stimulation. Overall, a greater benefit was shown for participants more than 12 months poststroke. Although this may be explained by active recruitment of participants outside of early rehabilitation for some interventions, it could also be indicative that stroke survivor's readiness to engage in self-directed health programmes may be better later after stroke. 59 It is recommended that future research in this area should consider time poststroke and perhaps challenge traditional thinking about a narrow early time window with a maximal influence upon recovery. 3 Usual care at a later time period after stroke is unlikely to involve frequent sessions of supervised therapy, and building up independence in self-management could run in parallel with acquiring independence in rehabilitation activities.
One major limitation was determining what constitutes a self-directed intervention and to what extent the therapy being described in each study was selfdirected. The absence of a clear definition created difficulties in developing a robust search strategy and we were required to closely examine the description of each intervention against our own definition and inclusion criteria. Inclusion in this review was therefore largely reliant upon how clearly the authors described the self-directed component of the intervention and there may be other studies employing a self-directed approach that were not included because of the description provided.
In some studies, insufficient information about standard care limited understanding of whether the self-directed approach was simply re-enforcing a more generalized increase in therapy which participants were already undertaking or if new activities had been introduced. This was particularly challenging for activity programmes prescribed by therapists due to their variable and personalized content. When the intervention appeared to be facilitating activities which participants were likely to have performed anyway within their daily routine, the study was only included if these were clearly recorded or if they were defined in the study protocol as an intended content of the research. The findings from the search may have been further limited by the reliance of one author for the initial, and at times difficult, selection of studies based on our definition of self-directed therapy.
This review highlights that there is a broad range of interventions described as incorporating a selfdirected approach to rehabilitation of the arm after stroke. There were many known and unknown differences between the included studies and interventions, which may have more influence upon the results than the self-directed approach. Certain characteristics of self-directed interventions were identified that will aid future research in this area. Among intervention subgroups, the most convincing benefit came from constraint-induced movement therapy and electrical stimulation. Constraint-induced movement therapy and therapy programmes without any additional technology were found to have a statistically significant benefit in favour of how much and how well the stroke arm was used in daily activities. These are all relatively low-cost and safe interventions, which show the potential value of offering self-directed therapy. Further research is warranted to identify what key features of self-directed interventions are most effective when incorporated into an arm rehabilitation programme and to focus on consistent terminology to describe the self-directed component of interventions.
Clinical messages
• • A broad range of self-directed interventions for the upper limb after stroke exist including those with and without technology. • • Constraint-induced movement therapy, electrical stimulation and no technology programmes appear the most effective self-directed approaches to benefit arm function or independence in daily activities.
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